We present a list of 75 isolated late-type dwarf galaxies which have no neighbors with a relative radial velocity difference of less than 500 km/s or projected separations within 500 kpc. These were selected from ∼2000 dwarf galaxies with radial velocities V LG < 3500 km/s within the volume of the Local supercluster. In terms of their sizes, luminosities, and the amplitudes of their internal motions, the isolated late-type dwarfs do not differ significantly from gas-rich dwarf galaxies in groups and clusters. However, the median mass of neutral hydrogen per unit luminosity for the isolated dwarf galaxies is two times more than that for the late-type galaxies in groups. We have also identified 10 presumably isolated spheroidal dwarf galaxies. The detection of isolated dwarf galaxies populated exclusively by old stars is of great interest for modern cosmological scenarios of galaxy formation.
Introduction
Isolated galaxies are studied more and more actively since recent years. (See, for example, the Proceedings of the Conference : "Galaxies in Isolation: Exploring nature vs. Nurture" [1] ). Studies of galaxies in low density regions allow to investigate the influence of environments on star formation processes and the evolution of galaxies, and to test various models of the origin of galaxies. Isolated dwarf galaxies, including those with low surface brightness, are of special interest for these problems.
The typical characteristics of dwarf galaxies (linear sizes of a few kpc, absolute B magnitudes fainter than −16.5 m , mean surface brightness < SB > fainter than 25 B mag/arcsec 2 ) [2] explain the difficulty of detecting them at large distances. Thus, dwarf galaxies are poorly represented in catalogs limited by apparent magnitude (CGCG [3] , ≤ 15.7 m ) or by angular diameter, a ≥ 1 ′ (UGC [4] , ESO [5] ). Most objects in the UGC catalog that have been classified as "dwarfs" by their low surface brightness turned out to be ordinary spiral galaxies after their radial velocities were measured. The relative number of true dwarf galaxies in the UGC [4] is only 2%. There are also few dwarf galaxies in the catalog of isolated galaxies compiled by Karachentseva [6] on the basis of the CGCG catalog. Detection of low surface brightness dwarf galaxies is an extremely time-consuming task.
The situation regarding the representation of dwarf systems changes drastically when the sample of galaxies is limited by distance, rather than flux. Thus, the Catalog of Neighboring Galaxies [2] includes 451 objects in the Local volume with distances of up to 10 Mpc; of these about 85% of the galaxies are dwarf systems, mostly with low and very low surface brightness. A determination of the so-called "tidal index" [2] for each galaxy "i" in the Local volume, 1 Θ = max[log(M k /D 3 ik )], k = 1, 2, . . . where M k is the mass and D ik is the mutual spatial distances of neighboring galaxies, has shown that about half the population of the Local volume occurs in groups of varying multiplicities. The rest of them are gravitationally unbound with a negative tidal index (Θ < 0) and can be treated as objects in the general field. The most isolated of them, with Θ < −2 , turned out to be dwarf systems almost exclusively (16 out of 18).
A similar approach for identifying isolated galaxies has been developed in [7] . A bounding algorithm was applied to a sample of 10914 galaxies with radial velocities in the Local Group frame, V LG < 3500 km/s. After pairs, triplets, and groups had been identified [8] [9] [10] , roughly 46% of the remaining galaxies appeared to be unclusterized or, as they are often called, field galaxies. A more rigorous criterion of isolation, in particular the criterion [6] , left only about 500 very isolated galaxies in this volume [11] . Roughly 13% of them are objects with low surface brightnesses.
An average relative number of dwarf galaxies with respect to normal ones is larger in the Local volume (V LG < 550 km/s), than in the Local supercluster (V LG < 3500 km/s). This observational selection effect is related both to the obvious decrease in the number of detected faintest dwarf systems with increasing distance, and to the fact that less attention has been paid to searches for dwarfs in the field than in the well-known nearby groups and clusters of galaxies. Nevertheless, the overall distribution of dwarf galaxies in the Local supercluster and its surroundings has been determined quite reliably up to the date. They are concentrated mainly in the Virgo and Fornax clusters and in systems having different populations, with spheroidal dwarfs located in the dense central parts and late-type dwarfs , in the more rarefied peripheral regions of groups and clusters. This paper is the result of a search for fairly isolated dwarf galaxies of different morphological types within the volume V LG < 3500 km/s. We have examined a combined sample of known field dwarf galaxies and have attempted to identify the most isolated objects within that sample. While not claiming statistical completeness of the sample, we hope to draw the attention of observers to these objects and to compare the characteristics of dwarf galaxies whose isolation has been established by various criteria.
Initial data and sampling criteria
From the complete set of known dwarf galaxies within the volume V LG < 3500 km/s, we have complied an overall summary of candidate galaxies which do not enter visually in the Virgo and Fornax clusters, or known groups, and are not satellites of normal galaxies. The following sources were used for this purpose:
(1) A catalog of 1500 low surface brightness dwarf galaxies (LSB) (< SB > fainter than 24.5 B mag/ arcsec 2 ) [12] . This catalog was the first attempt to gather, test, and generalize the results of searches for and observations of dwarf galaxies in articles published by various authors up to 1987. This catalog covers the entire sky; its average depth is ∼1500 km/s and roughly 500 objects appear in the common field.
(2) New lists of LSB dwarf galaxies and articles about observations of these objects published after 1987, in particular searches for dwarf galaxies in the general field [13] [14] [15] [16] , HI-observations of the UGC dwarfs [17, 18] , and several others. Out of this set of data we verified roughly 250 objects.
(3) Articles presenting the results of continuous systematic searches for dwarf galaxies in the photographic sky surveys POSS-II (KK, KKR, KKH) [19] [20] [21] , ESO-SERC (KKs) [22] and ESO SERC-J (KKSG) [23] the "5 lists", with a total number N ∼600. Observations of these objects in the HI 21 cm line [21] [22] [23] [24] [25] [26] [27] indicated a fairly high level of detection, up to 60%. Roughly 300 objects were verified from these sources.
We excluded from the lists of the candidates the objects of our Galaxy: planetary nebulae, reflecting nebulae, cirri, and also dwarf galaxies with high surface brightness. Galaxies satisfying the following conditions were chosen for further testing:
(1) objects which have radial velocities with respect to the center of the Local group within the range 500 < V LG < 3500 km/s and do not belong to groups and clusters; (2) dwarf galaxies found outside the zone of strong Galactic absorption, i.e., has A B < 1 m . We did not examine dwarf galaxies within the Local volume, since their properties have been summarized in the CNG catalog [2] ;
After refinement of the coordinates, verification of mutual identifications in the lists, and elimination of common objects independently included in different sources, we obtained a refined list of 274 late-type dwarf galaxies with measured radial velocities. Each of them was then tested according to the criterion of isolation. Here, we consider a dwarf galaxy "1" to be isolated if it has no neighbors "i" with relative radial velocities | V 1i |< 500 km/s and projected distances R p < 500 kpc.
We use data on the coordinates and radial velocities of the surrounding galaxies from the NED database, using it to determine the distances to nearest neighbors. No limits were imposed on the magnitude of the neighboring galaxies. The sample of very isolated galaxies in the Local volume and their main characteristics are discussed in section 5. We checked the dwarf spheroidal galaxies without radial velocity estimates separately (section 4). Seventy five of the 274 late-type dwarf galaxies (i.e. 27%) satisfied the isolation criterion. Of these 15 have no nearest neighbors out to a distance of 1 Mpc.
3 List and characteristics of isolated late-type dwarf galaxies Table 1 lists some of the observational data for the late type isolated dwarf galaxies. These data are mainly taken from the HyperLEDA database, and when they are lacking, from the NED database, or from original articles. In calculating the main optical and HI characteristics, we have used the computational scheme of [2] with the Hubble constant taken to be H 0 = 73 km/s/Mpc. Columns 1-10 of Table 1 list the following: (1) the galaxy name; (2) the equatorial coordinates at epoch J2000.0; (3) the morphological type determined by us from images of the galaxies on the sky surveys POSS II, ESO/ SERC, DSS-1, red, blue, and, where possible, SDSS (in column 3 we omit the letter "d", for dwarf). In this paper we have divided the low surface brightness dwarf galaxies in accordance with the classification of [12] : Sm -galaxies with a disrupted spiral structure, but with a distinct center and, in some cases, with residual signs of a bar; Im -diffuse galaxies with "magellanic" features, randomly positioned blue knots ; Ir -diffuse galaxies, also of an irregular shape, but without visible blue knots ; and, Sph -diffuse galaxies with a regular circular or elliptical shape.
(4) The apparent B magnitude taken from HyperLEDA and, in some cases, from NED or original papers. Note that the error in the estimated stellar magnitude for these dwarfs can be on the order of 0.5 m or worse. (5) Radial velocity in km/s reduced to the centroid of the Local group with the apex parameters accepted in NED. (6) The maximum value of the rotation velocity in km/s, corrected for the inclination, taken from HyperLEDA. (7) The absolute B magnitude corrected for Galactic and internal absorption. (8) The logarithm of the hydrogen mass, in solar units. (9) The logarithm of the hydrogen mass -to-B-luminosity ratio,in solar units. (10) The most isolated dwarf galaxies with no neighboring galaxies at distances to R p = 1 Mpc are indicated by an asterisk (*). The last row of the table lists the median values of these characteristics of the galaxies. The following notes for Table 1 describe the shapes of some of these objects on the SDSS survey images.
Candidate isolated dwarf spheroidal galaxies
A search for presumed isolated spheroidal dwarfs in the field of the Local supercluster is a much more difficult task than searching for dwarfs of late types. By definition, spheroidal dwarfs do not contain a significant fraction of gas, so that they are not detected in the 21 cm line. Their optical velocities are hard to determine because of the low surface brightness of dSphs. In the general field beyond the Local volume, as well as outside the Virgo and Fornax clusters, their distances were not determined directly. Spheroidal dwarfs are often morphologically similar to irregular objects, but they have more regular shape and a smoother structure. We tried to identify candidate spheroidal dwarf objects in the general field by their morphology and then, using indirect features, to distinguish which of them are isolated.
We selected objects which have not been detected in the HI 21 cm line in the catalogs and lists cited in section 2, and classified as dSph and/or dSph/dIr. Our new classification using the sky surveys DSS-1 and DSS-2, and, where possible SDSS, showed that the previous search, especially in the POSS-1 survey, often gave an erroneous type estimation, and this is further confirmed by the 21 cm line observations. Out of the several hundred objects, we selected 107 candidates for spheroidal dwarfs or dSph/dIr without HI radial velocities. Then, using the NED database for each object, we searched for neighbors within a wide range of radial velocities, 500-3500 km/s. It turns out that most of the candidates have neighboring galaxies with radial velocities on the order of 1000-2000 km/s. Taking the same values of the radial velocities for the candidate galaxies, as well, we obtained linear dimensions and absolute magnitudes of the dwarfs which are typical of dSph, and projected distance of ∼100-300 kpc for the neighbors. Under the assumed conditions, these dwarfs cannot be regarded as isolated, although they are, most likely, within the volume of the Local supercluster.
After verification of the 107 candidates in our list of presumed isolated dwarf spheroidal galaxies, only 10 objects remained. Their main characteristics (taken from original articles [19] [20] [21] [22] or the NED) are listed in Table 2 , where the contents of the columns do not require further explanation. NGC 5576 with V LG = 1437 km/s (at a projected distance of 146 kpc), a member of the group NGC 5666. But if KKR 8 belongs to this group, then its linear diameter A = 7.4 kpc is too large for dSph. KKR 9: On the DSS-1 blue image it appears as dSph, VLSB. We assume that the nearest neighbor is a member of the Local volume, DDO 187. But if these galaxies are a physical pair (107 kpc), then the linear size of KKR 9 is A = 0.6 kpc. Furthermore, within a region of radius 85 ′ there are several galaxies with radial velocities of ∼ 1100 − 1200 km/s; the closest of all (390 kpc) is a magellanic-type dwarf galaxy CGCG 133-84 which seems not to be gravitationally bound with KKR 9. Note that, by its morphology, object KKR 9 is similar to the known isolated dSph galaxy KKR 25, which is located at a distance of 1.9 Mpc.
KK 258: On the DSS-1 survey image this shows up as a dSph/dIr galaxy and on DSS-red, as dSph. If we assume that the galaxy NGC 7361 with V LG = 1130 km/s (at a projected distance of 250 kpc) is a physical neighbor, then the linear diameter of KK 258 is equal to 11 kpc, which is unrealistic. We note that the radial velocity of KK 258 given in LEDA, V h = 27246 km/s, is wrong. Figure 1 shows the all-sky distribution of the isolated dwarf galaxies in equatorial coordinates. The solid circles indicate dwarf galaxies of later types and the open circles mark dwarf spheroidal galaxies. It appears, that the distribution of the late-type dwarfs is not entirely uniformly random. There is an indication of some excess in the number of objects in the region centered at RA 16 h .0, Dec = +15. The median velocity of these 12 galaxies is +1800 km/s. The position on the sky and the characteristic velocity suggest that this group is located on the distant edge of the Local Void [28] . Figure 1 : Distribution of isolated dwarf galaxies over the sky in equatorial coordinates. The solid circles indicate late-type dwarf galaxies and the open circles, spheroidal dwarf galaxies 
The most isolated galaxies in the Local volume
As a supplement to the above lists (Tables 1 and 2 ), in Table 3 we list the galaxies in the Local volume which are the most isolated (Θ ≤ −2.0 ) according to the criterion of the CNG [2] . A value of Θ = −2.0 corresponds approximately to a local density of matter two orders below the mean density. The columns in the table list the following: (1) galaxy name, (2) morphological type according to our classification, (3) corrected linear size in kpc, (4) maximum rotational velocity in km/s, (5) absolute B magnitude, corrected for Galactic and internal absorption, (6) logarithm of the hydrogen mass-to-B luminosity ratio, in solar units, and (7) the "tidal index" Θ. The data in all the columns, except 2, are taken from Table 4 of the CNG. The last row of the table gives the median values of the corresponding characteristics of the galaxies. The galaxies in Table 3 were checked independently as to whether they meet the isolation conditions used in this paper. It turned out that only the galaxies UGC 3476, FG 202, UGC 3755, ESO 6-1, and KK 246 met these conditions fully. UGC 288 and And IV form a wide "pair" with a projected mutual distance of about 460 kpc. The galaxy IC 2038 forms a close pair with IC 2039 which is a member of the group NGC 1566. The galaxies KK 49 and Orion have a difference of < 100 km/s in their radial velocities and have a projected distance on the order of 200 kpc. The peculiar loop shaped galaxy ESO 364-29 has close (up to 150 kpc) neighbors AM 0605-341 and NGC 2188 with mutual radial velocity differences < 50 km/s. ESO 489-56 has a rather high surface brightness and is at a distance of about 160 kpc from ESO 490-17 (radial velocity difference 12 km/s). The galaxy KK 55 has a neighbor, NGC 2310 (radial velocity difference 321 km/s and mutual separation ∼ 400 kpc), and can be regarded as isolated, the same can also be said of the galaxy KKH 46, which has a faint neighboring galaxy at a distance of 270 kpc. The galaxy ESO 558-11 has a neighbor, HIPASS J0705-20 (radial velocity difference 34 km/s, mutual separation 130 kpc), while DDO 47 is a member of a close pair with CGCG 37-33 (radial velocity difference 7 km/s, mutual distance 11 kpc). The galaxy ESO 564-30 can be regarded as sufficiently isolated; its nearest neighbor ESO 565-3 is located at a distance of ∼ 290 kpc (velocity difference 61 km/s), and the bright galaxy NGC 2835 (velocity difference 118 km/s) is located at a distance of ∼ 450 kpc. We are providing this detailed comparison in order to demonstrate the arbitrariness of the criterion for selecting faint dwarf galaxies as "truly" isolated when the mutual spatial separations and spatial velocities of the galaxies are unknown.
Discussion
The procedure of clusterizing galaxies in the volume of the Local supercluster and its surroundings (V LG < 3500 km/s) using a stronger criterion of dynamic isolation has led to creation of the LOG catalog [11] , which contains 520 galaxies at galactic latitudes | b |> 15
• . Their relative number is only 4% of the N = 10914 galaxies in this volume. Most of the LOG-galaxies are normal spiral galaxies of late morphological types. If we choose only galaxies of types Ir, Im, Sm, and BCD (T = 9, 10) from this catalog, their total number is N (9,10) = 87. This subsample of isolated galaxies included 16 of the objects in . Thus, about 20% of the dwarf galaxies simultaneously pass tests for physical isolation according to the two different isolation criteria. We believe this fraction is quite high. As a comparison, we note that a recent study [29] examined the effect of the surroundings on the HI and optical properties of 101 galaxies with absolute magnitudes M r − 5 log h 70 > −16 from the catalog [30] compiled from the SDSS survey data. The average absolute magnitude of the galaxies is < M r >= −15.4 and the average depth of their sample is 30h −1 70 Mpc, both similar to our values. It was found [29] that 65% of the galaxies in this sample have no neighbors in the RC3 [31] with M r − 5 log h 70 < −19 at a projected distance of 500h 70 kpc and a radial velocity difference within the range of ±300 km/s. In this paper we have used a similar method for identifying isolated galaxies. Here the initial samples relied on various optical surveys. Furthermore, in [29] candidates were selected in terms of absolute magnitude, and in our work, mainly in terms of their morphological type and surface brightness. Probably, this is the case why there are no common objects in our list and in [29] .
It should be noted that the isolated irregular galaxies in Table 1 do not differ significantly in size, luminosity, and amplitude of their internal motions from other galaxies of the same type in groups, or from the gas-rich dwarf galaxies examined in [32] . However, isolated late-type dwarf galaxies do differ significantly from non-isolated galaxies with an enhanced neutral hydrogen content per unit luminosity. Thus, in the Local volume, the population of dwarf galaxies detected in the HI line has a median value of M(HI)/L B = 0.8 in solar units, while the isolated objects in Table 1 have a median of M(HI)/L B = 2.0. Evidently, the absence of external tidal perturbations in the isolated dwarf galaxies does not favor the rapid expenditure of the gas contained in them on star formation processes.
The apparent magnitudes and surface brightnesses of the presumed isolated dSph galaxies are similar to those for spheroidal galaxies located in the nearby volume. So far, we are aware only of two cases of isolated dSph: KKR25 and APPLES1, which have distances of 1.9 and 8.5 Mpc and absolute magnitudes M B = −9.9 and -8.3, respectively. The discovery of new dwarf galaxies populated only by old stars and lying beyond of groups and clusters regions, will be of fundamental interest for modern cosmological scenarios of galaxy formation.
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